The critical nitrogen concentration (CNC) is a simple yet robust relationship that describes the changes in crop N during growth. In Reyes et al. (Agron Sustain Dev 35:1561 -1570 , 2015 , we applied the concept of CNC to calculate N uptake across various cutting regimes. While it is wellestablished that decreasing cutting frequency changes growth rates, the parameters of the CNC equations may need to be adjusted based on the grass physiological age (i.e., vegetative versus reproductive stage). We do not question the validity of the CNC during vegetative growth; however, we recognize that there is research needed to test the effects of cutting date on composition and internal partitioning of N as it relates to the CNC. Moreover, we focus on the applicability of the CNC for use in process-based models for better understanding of the CNC for different crop ages and management considerations.
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We tested the critical nitrogen concentration curve (CNC) developed by Lemaire and Gastal (1997) for its validity and robustness under different cutting regimes on permanent grassland. The paper focuses on demonstrating the usefulness of the N dilution curve for a wider range of applications beyond current experimental research among various crops; such as in estimating plant N uptake for evaluation purposes in models that include N cycling. A large range of environmental and management conditions represented by datasets from central and southern Germany under various cutting regimes were included in our analysis. We calibrated the CNC and thereby considered the different physiological ages of grassland of different cutting frequency, i.e., two, three, and four cuts. We used subsets of these data to validate our curves. We concluded that the cutting regime data is required as additional information when calculating the N uptake for a wider range of grassland management based on the CNC.
We are very grateful for the critical arguments by the authors of the letter to the editor, who also developed the critical nitrogen concentration curve (CNC), as they indicate a point in our paper which could be misinterpreted. The CNC is a simple, yet robust relationship with physiological meaning that can be reasonably integrated into process-based model routines to help determine crop N status, as long as equation parameters are adjusted to the effects caused by internal N partitioning (Devienne-Barret et al. 2000) . Our procedure of calculating CNC takes account of the derivation of equation parameters apart from those that have been proven valid during vegetative growth on grassland. We were interested in how the dilution curve may vary under decreased cutting intervals which inevitably lead to longer growth duration between cuts. We specifically considered different physiological ages of grassland, including data from experiments where grassland was cut late in its development.
It is well documented in the literature (Dahl and Hyder 1977) that decreasing cutting frequency alters growth rates (especially during re-growth) as well as floristic composition and morphological proportions of plants, such that tiller density decreases, leaf-stem ratio is reduced, and the contribution of N partitioning to total N utilization in metabolic processes of the crop increases. From these differences between early cut (at vegetative stage) and late cut (reproductive stage), it becomes clear that the parameters of the CNC function as described by Lemaire and Gastal (1997) need to be adjusted if applied to grassland of higher physiological age. Thus, we concluded that longer growth duration might also alter the CNC equation parameters, as indicated by Lemaire and Gastal (1997) .
Figure 3a in our paper Reyes et al. (2015) indicates that critical N concentration decreases with decreasing cutting frequency. In other words, internal partitioning contributes significantly to above-ground biomass accumulation, mainly to the reproductive organs. This effect has been published for wheat already (Simpson et al. 1983 ), but to our knowledge not yet for multi-species grass swards. On the other hand, we are well aware of the fact that it is so far not recommended to apply the CNC concept for grassland beyond the early reproductive stage. In practice, however, grassland is often harvested much later than the vegetative phase, which needs to be accounted for in respective assessment studies. As such, simulation models need to be calibrated, validated, and applied for a wider range of management options and require a testing of the validity of the CNC concept for further use. Also, there is a scope for applications in remote sensing (Baret et al. 2007; Mistele and Schmidhalter 2008) and site specific management of grassland, which requires large-scale information on nitrogen status of crops including grassland of all phenological stages.
The results obtained from our study do not question the validity of the CNC approach during vegetative growth, which has been confirmed by many other studies already earlier (e.g., Bélanger et al. 2001; Ziadi et al. 2008) . However, we recognize that only proper testing of the effects of cutting date on floristic composition and internal partitioning in a larger long-term fertilizer experiment following the approach published by Justes et al. (1994) would finally clarify the impact of crop age on N dilution, and thus also on parameters of the CNC. As long as such data are not available for grassland, we recommend adjusting CNC parameters as demonstrated in our paper.
